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Abstract
Piping plovers (Charadrius melodus) breeding at the Rockaway Beach Endangered
Species Nesting Area in Queens, NY, have often not met the goal of 1.5 fledglings per pair set
by the United States Fish and Wildlife Service for the region. In order to learn more about the
aspects of the nesting experience that predict piping plover reproductive outcomes at Rockaway
Beach, I analyzed the relationship between the number of fledglings per nest and factors relating
to nest location, nest timing, and the weather during the egg incubation period. The results of the
model selection process, particularly the inclusion of nest placement along the beach’s length
and width in the best fit models, suggest that nest location is important for explaining plover
reproductive success. Competition with other birds of a similar niche may also affect
reproductive outcomes. A shorter distance to an American oystercatcher (Haematopus palliatus)
nest predicted a lower number of fledglings per nest. The predicted number of fledglings per nest
was also lower in 2021 than in other years, potentially due to changes in human disturbance
during COVID-19 or due to vegetation growth in the years following Hurricane Sandy. The best
fit model only explained 11 to 20% of the data variation so future plover monitoring at
Rockaway Beach should include more direct measurements of human disturbance, vegetation
growth, and predation/competition. Nests that are close to competitive species like American
oystercatchers may benefit from increased surveillance and intervention by plover monitors.
Key Words: piping plover, productivity, nesting, American oystercatcher, New York
City, urban wildlife, shorebird
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Introduction
Migratory shorebirds have suffered decades of population decline and face growing
challenges to their recovery (Burger, 2022; Clout, 2001; Ellis et al., 2021; Jackson et al., 2020;
Morrison et al., 2001). For example, North American shorebird populations have declined 37%
since 1970 (Rosenberg et al., 2019). Shorebirds nest and feed on beaches and wetlands,
ecosystems that humans have increasingly used for recreation and development (Dayer et al.,
2019; Jackson et al., 2020; Marcus et al., 2007). Since the beginning of the 20th century, global
wetland habitat decreased by approximately 64 to 71% often because of coastal development and
agriculture expansion (Davidson, 2014; Li et al., 2018). In the United States, residential
development boomed in coastal areas following World War II due to population growth, the
desire to recreate, and the availability of insecticide to counteract mosquitoes (Burger, 2022;
Devienne, 2019). As of 2010, counties bordering the coast only make up a tenth of land in the
United States but hold 40% of its people (National Oceanic and Atmospheric Administration,
2013). As human populations increase, the need for housing and goods is likely to encroach even
further onto shorebird habitat.
In addition to habitat loss, remaining habitat has become less suitable for shorebirds.
Beachgoers and accompanying dogs disturb shorebirds, decreasing the time they have available
to forage (Gómez-Serrano, 2021; Hunt et al., 2018; Jorgensen et al., 2016). Human disturbance
on beaches has been linked to lower adult survival rates, body mass, and reproductive success
(DeRose-Wilson et al., 2018; Gibson et al., 2018). A habitat also becomes less suitable for
shorebirds when their prey populations are lower than usual. Migratory shorebirds depend on the
prey available at stopping points along their migration route in order to complete the next portion
of the journey (Zhang et al., 2021). Overharvesting of prey species by humans contributes to
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population decline. For example, regulation of horseshoe crab harvesting is important for the
recovery of red knots, who rely on eggs of that species as a primary food source (Burger, 2022).
Environmental engineering efforts performed in wetland and coastal areas, such as beach
replenishment and dune creation, inadvertently destroy marine invertebrate communities upon
which many shorebirds depend (Peterson et al., 2014). Heavy traffic from vehicles and
pedestrians along the sand can also reduce local invertebrate abundance (Schlacher et al., 2016).
Even in protected areas where conservation managers prevent habitat loss and degradation,
predators introduced by humans cause further population declines (Clout, 2001).
Shorebird populations will most likely experience added challenges in coming years. As
the effects from climate change accelerate, changes in temperature, sea level, and storm severity
will alter both shorebird habitat and behavior. Warmer spring weather may cause some

shorebirds to establish nests earlier with unknown consequences (Brudney et al., 2013). Sea level
rise will most likely reduce the amount of land available for shorebird use between the water and
the nearest human developments (Seavey et al., 2011; Von Holle et al., 2019). While severe
storms cause habitat changes that are beneficial to some shorebirds, storms during breeding
season are linked to adult mortality and nest loss (Bourque et al., 2015; Maslo et al., 2019;
Saunders et al., 2014). Ocean warming is forecast to increase the likelihood of toxic algal
blooms, affecting shorebirds and other animals that rely on the ocean (Ellis et al., 2021). These
upcoming changes are concerning, especially considering that many shorebird species are
already in such a precarious situation due to population loss (Rosenberg et al., 2019).
Many organizations worldwide have expended significant resources to counteract these
issues and create viable, safe habitat for migratory shorebirds (Convention on the Wetlands,
2021; USFWS, 2020). Managers of these protected areas decide on conservation actions that can
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help species of interest. Conservation actions for shorebirds include habitat maintenance to fit
shorebird preferences (McIntyre & Heath, 2011), restriction of human access to decrease
disturbance (Gratto-Trevor & Abbott, 2011), limitation of shore use (such as bans on dogwalking or vehicle-driving) (Rutter, 2016), predator removal (Catlin et al., 2011) or exclusion
(Maslo & Lockwood, 2009), artificial shelters (Maguire et al., 2011), supplemental feeding
(Schlacher et al., 2017; Zhang et al., 2021), and captive rearing of offspring (Powell et al., 1997).
Conservation actions can be quite costly to carry out and controversial, both politically
with people objecting to restrictions and scientifically with practitioners disagreeing on the utility
and safety of remediating actions (Cohen et al., 2016; DuBois, 2016). For example, research
suggests that predator exclosures like wire structures placed around nests to prevent egg
predation can increase reproductive success, but can also lead to nest abandonment and predation
of adult birds (Barber et al., 2010; Cohen et al., 2016; Ivan & Murphy, 2005; Knetter et al., 2002;
Maslo & Lockwood, 2009; Murphy et al., 2003; Vaske et al., 1994).
Consistent research on shorebird populations is crucial for understanding the true effects
of a conservation action or another big change on the shorebirds at a conservation area.
Measuring population numbers, mortality rate, and fertility rates at a nesting site over time lets
researchers create a baseline, recognize overall trends, and understand why these numbers
change. With an understanding of what factors contribute to population demographics at a
particular protected area, conservation practitioners can decide on conservation actions
appropriate to any given protected area’s unique political and ecological structure (Darrah et al.,
2020; Mengak et al., 2019).
Piping plovers (Charadrius melodus) (hereafter known as plovers, except when
differentiating from other plover species (Family: Charadriidae)) are migratory North American
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shorebirds that nest in the United States and Canada in three populations: the Great Lakes, Great
Plains, and Atlantic Coast populations (Plissner & Haig, 2000). All three populations have been
protected by the United States federal government since 1986 when the United States Fish and
Wildlife Service (USFWS) classified the Great Lakes population as endangered and the latter
two as threatened under the Endangered Species Act (Sidle et al., 1991; USFWS, 1996). Since
1985, all piping plovers have been listed as endangered under the Canadian Species at Risk Act
(Government of Canada, 2011; Hecht & Melvin, 2009). These acts forbid killing, harming,
capturing, or disturbing an organism and its offspring without necessary licenses (USFWS, 2020;
Sidle et al., 1991). For the non-breeding season, plovers migrate south to the southern United
States, Mexico, Central America, the Caribbean, and even as far as Venezuela and Ecuador
(Gratto-Trevor et al., 2016; Haig & Oring, 1988a; Sharpe et al., 2020).
During both breeding and non-breeding seasons, plovers usually inhabit sandy or
partially sandy beaches with little vegetation next to large bodies of water, such as oceans, lakes,
and rivers (Anteau et al., 2012; Elias et al., 2000; Patterson et al., 1991; Schupp et al., 2013;
Zeigler et al., 2021). They feed primarily on small aquatic invertebrates in the sand or wrack,
which is dried organic debris deposited by the tides (Cohen & Fraser, 2010; Cuthbert et al.,
1999). Like shorebirds around the world, their populations have declined due to habitat loss,
human disturbance, and predation by introduced species, and are likely to be negatively affected
by climate change (Convertino et al., 2012; Gratto-Trevor & Abbott, 2011).
Plovers also face additional challenges compared to the many other shorebirds due to
their biology and behavior. They are territorial and monogamous during breeding season so
fewer birds can share a single protected area compared to birds that nest in dense colonies (Haig
& Oring, 1988b). Plovers perform territorial displays against other plovers, neighboring bird
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species such as American oystercatchers (Haematopus palliatus), and potential predators
(Cairns, 1982; Hogan et al., 2018). Because pairs live in territories rather than colonies, plovers
are less likely to quickly and effectively mob a predator with other conspecifics (Minias et al.,
2020). Their territoriality is a benefit to researchers: tracking a single unbanded pair and their
reproductive attempts throughout a breeding season is possible because they tend to stay within
their territory (Wildlife Unit, 2017).
Like territoriality, camouflage is an important defense mechanism for plovers, but can
cause issues. Plovers and their chicks are small, sand-colored, and freeze when confronted with a
predator (Wilcox, 1959). Plovers also rely on camouflage to protect their nests and eggs: their
sand-colored speckled eggs are laid in small indentations in the sand called “scrapes” that are
hard to notice (Cairns, 1982). Camouflage can work well against avian predators, but is less
effective with mammals because they tend to use a combination of senses to hunt (Dowding &
Murphy, 2001; Hughes et al., 2010). Camouflage can be problematic because pedestrians and
vehicle drivers can fail to notice eggs and chicks and trample them (Melvin et al., 1994; Wilcox,
1959). While plover chicks are precocial, they stay close to their parents and remain flightless
until approximately 25 days of age (Cairns, 1982). Because they are small and cannot fly, chicks
are vulnerable to predation from predators of all sizes. While foxes, skunks, raccoons, cats, and
gulls prey on plover chicks, so can much smaller species such as rats and ghost crabs (Ivan &
Murphy, 2005; Kwon et al., 2018; Lauro & Tanacredi, 2002).
Plovers exhibit high site fidelity, which allows animals to take advantage of stable, safe
habitat multiple times, but typically stable environments can become less reliable with human
interference (Merkle et al., 2022). Because of their high site fidelity, plovers will continue to
settle in areas, both during breeding and non-breeding seasons, that are increasingly unsuitable
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due to habitat degradation (Cohen et al., 2006; Gibson et al., 2018; Gratto-Trevor et al., 2016;
Haig & Oring, 1988a). Adults often return to the same nesting habitat each year or to other
habitat nearby: 83% of banded plovers seen on Long Island returned to the same site multiple
times between 2002 and 2004 (Cohen et al., 2006). Juveniles disperse more widely, but less than
5% of chicks in New York were found more than 100 km from their natal site the following year
(Haig & Oring, 1988a). This lack of flexibility can contribute to higher mortality and lower
reproductive success. A comparison between non-breeding sites in Georgia, North Carolina, and
South Carolina with different levels of human disturbance discovered that many plovers stayed
in areas of high human disturbance despite the correlation between high human disturbance and
lower body weights and survival rates (Gibson et al., 2018). Plovers that were flexible and
moved away from these areas had a higher survival rate (Gibson et al., 2018).
Habitat management and the formation of protected areas are necessary in order to
alleviate these threats to plover population growth and assist with their long-term recovery.
Many locations used by plovers are officially protected and monitored to varying degrees
(USFWS, 1996). Because governmental organizations (as well as non-governmental
organizations) protect piping plovers and provide funding for studies, much is known of all three
populations throughout their range (USFWS, 2020). Due to the number of studies on plovers,
comparing research from a local protected area to similar studies from protected areas in other
studies is much simpler than for species with less research available (Cohen et al., 2016).
However, conservation actions that work for one site may not work for another.
Contrasting results between studies can be found between populations, recovery units within a
population, and even between local beaches. At a population level, threats to plover survival and
reproductive success vary based on location in the United States. For example, the USFWS
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specifically recommends that managers monitor outbreaks of Avian Type-E Botulism in the
Great Lakes population which experienced at least nine deaths due to Botulism from 2007 to
2017 (Chipault et al., 2015; USFWS, 2020). Since the Great Lakes population is the smallest and
federally endangered, this population is the most intensively monitored: more than 90% of Great
Lakes plovers are banded (USFWS, 2020). Therefore, protected area managers in the Great
Lakes region must be particularly careful that monitoring techniques, such as observation and the
use of bands and radio transmitters, are not interfering with plover reproduction efforts (Roche et
al., 2010; Stantial et al., 2018; Stantial et al., 2019). The Northern Great Plains population nests
on the shores of alkali lakes, rivers, and reservoirs (USFWS, 2020). These plovers have to
contend with nest inundation due to river flooding or due to human-controlled changes in
reservoir levels (Anteau et al., 2012; Sidle et al., 1992). In addition, oil well development and
agricultural pesticide use are potential threats because the geology and climate of the area lends
itself to these industries (Gibbons et al., 2015; USFWS, 2020). The Atlantic Coast population
nests along the sea shores from Canada to North Carolina (USFWS, 1996). Habitat loss from sea
level rise, mortality due to more intense storms over the ocean, and the development of wind
energy are all potential threats that practitioners and scientists will have to investigate and
manage (Convertino et al., 2012; Loring et al., 2019; Saunders et al., 2014; USFWS, 2020).
Threats also vary between recovery units, which are artificial political boundaries placed within
populations to help delegate responsibility (Hecht & Melvin, 2009). For example, within the
Atlantic Coast population, the Eastern Canada recovery unit has the highest rates of reproductive
success, but its population has not been growing accordingly (Hecht & Melvin, 2009). Therefore,
rather than focusing more resources into improving reproductive success in that unit,
governmental organizations may want to determine if and why young birds either are dying

PIPING PLOVER REPRODUCTIVE SUCCESS AT ROCKAWAY BEACH

12

before they return for their first breeding season or are moving to other units. Even within a
relatively small geographic area, sociopolitical and ecological differences between beaches can
result in varying degrees of threat (Cohen et al., 2016; Mengak et al., 2019).
Urban settings differ considerably from suburban and rural settings socio-politically and
ecologically. Urban wildlife ecology as a field of study has grown rapidly in the past decades
(Magle et al., 2012; Collins et al., 2021). Global urbanization has caused a growing need to
resolve issues of human-wildlife conflict in cities, such as attacks, disease transmission, and
sharing space (Collins et al., 2021; Santiago-Alarcon & MacGregor-Fors, 2020; Hunold, 2020).
More research is needed to understand how to conserve piping plover populations, and migratory
shorebird populations in general, in truly urban environments (Matthews et al., 1988; USFWS,
2020). Urban, suburban, and rural areas have different levels of threat to wildlife. Due to the
number of people, urban areas may experience more intense human disturbance at certain times
of the year than will ever be seen in a less urban setting (Collins et al., 2021). In addition, there is
usually more garbage, which can contribute to wildlife mortality directly by poisoning or
injuring animals, or indirectly by attracting and sustaining large numbers of predators like
raccoons and rats (Bugoni et al., 2001; Hoffman & Gottschang, 1977; Tang et al., 2015). Freeroaming domestic and feral cats and dogs can also be highly concentrated in urban areas and
disturb or kill urban wildlife (Baker et al., 2005; Baker et al., 2008; Doherty et al., 2017).
Nocturnal mammalian predators, particularly cats, are primary sources of predation in urban
environments, while diurnal avian predators are primary sources in rural environments (Huijbers
et al., 2013; Stracey, 2011). Additional research on shorebird-oriented protected areas located in
urban environments will help inform conservation management as new areas become
increasingly urbanized.
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New York City is an ideal location to study extreme urbanization and the role of wildlife
within a dense city. Although increased urbanization and the higher densities of people are
correlated with lower shorebird abundance, many shorebird species use New York City beaches
and islands at different points in their migration (Elias et al., 2000; Hunt et al., 2018; LeDee et
al., 2008; Lauro & Tanacredi, 2002). Piping plovers nest in the borough of Queens: the closest
nesting sites to the center of the city are at Rockaway Beach and Gateway National Recreation
Area (Lauro & Tanacredi, 2002; Wildlife Unit, 2017).
Rockaway Beach is the largest public beach in New York City and one of the largest
urban public beaches in the United States (DuBois, 2016; NYC Parks, 2017; Wildlife Unit,
2017). The City of New York Parks & Recreation Department (NYC Parks) established the
Rockaway Beach Endangered Species Nesting Area (hereafter called the study area) in 1996
after piping plovers began to nest there (Wildlife Unit, 2017). After years of management and
monitoring by the Urban Park Rangers, the NYC Parks Wildlife Unit assumed control of the
study area in 2017. Rockaway Beach has not consistently met the productivity goal set by
USFWS of 1.5 fledglings per pair, prompting NYC Parks to research what actions they could
take to improve plover reproductive success (Wildlife Unit, 2021).
Most plovers arrive to the study area each year in March and April and leave in August
(Wildlife Unit, 2017). Once they arrive, they form monogamous pairings for the season and
begin to create potential nests, called scrapes, in the sand (Cairns, 1982). Once they begin to lay
eggs they typically lay one egg every other day until they have completed the clutch (usually
four eggs for the first clutch). Approximately 27 days after clutch completion, all the eggs hatch
on one day (Claassen et al., 2014). USFWS considers chicks to be officially fledged and able to
fly once they are 25 days old (Doherty & Heath, 2011; USFWS, 1996). If an initial attempt at
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offspring fails, the pair may attempt a second nest of offspring or even a third if both fail
(Claassen et al., 2014). Piping plovers rarely raise two sets of offspring to fledgling status in a
single season (Hunt et al., 2015). Many factors may contribute to why a nest attempt of a
particular pair produces fledglings or does not. I used data gathered by NYC Parks during the
2015 to 2021 breeding seasons (except 2020 during which COVID-19 prevented the City from
funding the hiring of seasonal monitors) to create an explanatory model for the number of
fledglings produced by a pair’s nest attempt. I hypothesized that the timing of nest creation, the
geography of its location, and the environmental weather conditions experienced by the offspring
would contribute to the reproductive success of the nest, as measured by the number of
fledglings.

Methods
Study Area
The study area encompasses three contiguous sites—Far Rockaway, Arverne-Edgemere,
and Rockaway Beach—which consist of 10.5 km of public beach, although plovers usually only
nest on approximately 2 to 3.5 km (Wildlife Unit, 2017; Wildlife Unit, 2021) (Figure 1). In the
last few days of March each year, the NYC Parks seasonal monitoring teams pre-emptively
fenced off approximately 1.6 km of the Arverne-Edgemere site, where birds often nest, to
pedestrians and vehicles. When monitors found plovers performing courtship displays or
scraping to create potential nests in Rockaway Beach, Far Rockaway, and non-fenced areas of
Arverne-Edgemere, they fenced the area around the location with at least a 50 m buffer of space,
as outlined by the Piping Plover (Charadrius melodus) Atlantic Coast Population Revised
Recovery Plan (USFWS, 1996). Fencing was on all four sides: year-round snow fencing
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protected the northern side, by the boardwalk, while the monitoring team erected metal poles
strung with orange masonry twine as symbolic fencing on the other three sides. Before any
chicks hatched, monitors extended symbolic fencing to the shoreline of every area with nests in
order to restrict vehicle access by the shore and wrack. Pedestrians were permitted to walk along
the shoreline throughout the nesting season, with the exception of the fenced area of the ArverneEdgemere site. Signage stated the existence of a legally protected nesting area and forbade entry.
Figure 1
Map of Rockaway Beach Endangered Species Nesting Area

Note. Geography of Rockaway Beach Endangered Species Nesting Area: [A] the study area’s
location on the Atlantic Coast, [B] the study area’s three official sites, and [C] the “meta-sites”
created within Arverne-Edgemere and Far Rockaway for the purpose of discriminating between
areas of differing levels of human activity. Maps made using the Hudson Valley Natural
Resource Mapper (New York State Department of Environmental Conservation, 2019) and the
Natural Earth dataset in QGIS (QGIS.org, 2022).
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Field Data Collection
Prior to each nesting season, supervisors trained the seasonal monitoring team on plover
ecology, detection, and field techniques. Starting in April, monitors patrolled the study area five
to seven days per week, maintaining symbolic fencing and recording the reproductive status and
behavior of the plovers and other species of interest. The team monitored between 8:00 AM and
the early afternoon. The monitoring team alternated which direction they walked each day. If
they did not monitor all areas with nesting plovers in a day, they began with the unmonitored
area the next day. At the beginning of the breeding season, the monitors walked along the length
and width of the beach. After plovers began to lay eggs, the monitoring team walked along the
snow fence and the shoreline to avoid disturbing the birds. When a monitor observed a bird or
group of birds, they recorded the date and time, location, species and number of birds, behaviors
exhibited, whether the bird was potentially seen and reported earlier that day, and any available
banding information.
Assigning location
In order to record the location of a bird, scrape, or nest, NYC Parks used street number as
an approximate description for the location from the western to eastern side of the Rockaway
Peninsula. East-West location was recorded in fourths of a street for finer spatial scale. I decided
to group East-West locations into four categories that I call meta-sites (Figure 1C). These metasites differ by location and general level of human activity. The three official sites of the study
area are Rockaway Beach, Arverne-Edgemere, and Far Rockaway. I classified Far Rockaway as
its own meta-site. Arverne-Edgemere was divided into three meta-sites: the interior of the fenced
portion of Arverne-Edgemere (41st to 54th street), the boundaries of the fenced portion of

PIPING PLOVER REPRODUCTIVE SUCCESS AT ROCKAWAY BEACH

17

Arverne Edgemere (37th to 41st street and 54th to 58th street), and the western end of ArverneEdgemere (60th to 66th street). No plovers nested in the official site of Rockaway Beach during
the time period examined by this study.
NYC Parks recorded the North-South location as one of five sections of the beach’s
width (Figure 2). The shoreline is the area that is consistently covered by water during high tide.
The “wrack line” is the high tide mark and has the detritus left by the tides. NYC Parks divided
the rest of the beach width, where plovers can potentially nest, into thirds for reporting purposes.
This beach area includes the front, which is closest to the water and together with the wrack line
makes up the back shore; the middle, which in places is characterized by low dunes covered in
grasses; and the back, which includes a sloped back dune up to the permanent snow fence. There
have been rare instances of plovers nesting north of the snow fence and the boardwalk. In these
cases, the location was marked as such. No plovers attempted to lay eggs at the shoreline or
wrack line for the duration of this study. Monitors, on rare occasions, described a nest as being
between two areas (e.g. “Front/Middle”, “Middle/Back”). For the sake of analysis, I grouped the
two “Front/Middle” observations with the “Front” category and the one “Middle/Back”
observation with the “Middle” category. I would have grouped any nests that were north of the
snow fence or the boardwalk in the “Back” category, but none of those nests had complete
records and were therefore removed.
Monitors also collected nest locations more precisely using handheld GPS devices. In
ArcMap (Esri, n.d.), NYC Parks mapped the locations of plover nests for the season and their
distance to nests of other plovers and of American oystercatchers.
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Figure 2
North-south locations along the beach width

Note. This graphical representation depicts how NYC Parks divides the beach’s width into the
five sections. The numbers at the snow fence represent the metal signs that monitoring team uses
to mark the streets and increments between streets. The fencing dividing the Front from the
wrack line is the symbolic fencing made of metal poles, masonry twine, and flagging tape that
surrounds the locations where plovers nest during the breeding season.
Reproductive Outcomes
The NYC Parks team closely monitored the reproductive outcomes of the plover pairs.
Monitors identified pairs over multiple days using any bands on either plover, the location of
their nest, and the rough range of their territory. Very few of the plovers that nested at this study
area were banded. During the days after a pair laid their first egg, monitors recorded the pair
number, whether they still had a nest, and the number of eggs. The last day that the number of
eggs increased was the clutch completion date. After approximately 27 days, all viable eggs
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would hatch on the same day. Starting on the hatch date, monitors recorded the number of
chicks, the number of fledglings, and the chick or fledgling age. Monitors determined age using
past records of when the eggs were seen to have hatched.
Weather Data
To explore the role extreme weather plays in reproductive outcomes, I extracted data
from the weather station closest to the study area located at John F. Kennedy Airport in Queens,
NY through the National Oceanic and Atmospheric Administration (NOAA) online climate data
portal website (NOAA, n.d.) using the R package “rnoaa” (v. 1.3.8) (Chamberlain, 2021). For
each nest record, I computed the values for the highest and lowest daily temperatures in the time
period from clutch completion to hatch, and in the time period from hatch to fledge for each nest.
I also computed the values for the highest amount of precipitation in a day (in millimeters of
rain) during the time period from clutch completion to hatch, and during the time period from
hatch to fledge for each nest. Not all offspring attempts produced chicks or fledges. To estimate
the expected hatch date, I counted twenty-seven days past the date of clutch completion. In order
to calculate the expected fledge date, I added twenty-five days to the date of hatch. For the few
nests where monitors observed the hatch date, but not the clutch completion date, I subtracted
twenty-seven days from the hatch date to produce an estimated clutch completion date.
Measurement of Reproductive Success
While reproductive success can be measured in multiple ways, I chose to use the number
of fledglings produced per nest. This measurement is similar to productivity, a commonly used
metric of reproductive success (Gratto-Trevor & Abbott, 2011; McIntyre & Heath, 2011;
McIntyre et al., 2010; Murphy et al., 2003; Patterson et al., 1991; Wildlife Unit, 2017).
Productivity is the number of fledglings produced per pair or the total number of fledglings
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divided by the total number of breeding pairs in a particular nesting area. I used the number of
fledglings per nest instead of per pair in order to analyze the role of nest location and timing. A
single pair will choose a different nest location for their second attempt if their first attempt fails.
Analysis
Data Preparation
I used monitoring data from the breeding seasons of 2015 to 2021, except for 2020,
during which NYC Parks could not hire monitors due to the COVID-19 pandemic. To prepare
the dataset for analysis, I removed nest records with NAs, as well as the only nest remaining that
was a third nest attempt.
I originally had thirteen potential fixed variables to include in analysis: the year, date of
clutch completion, nest attempt, North-South location, meta-site, distance to the nearest piping
plover (PIPL) nest, distance to the nearest American oystercatcher (AMOY) nest, highest and
lowest temperatures recorded during the period between clutch completion and real or expected
date of hatch, highest and lowest temperatures recorded during the period between hatching and
fledging, and highest amount of daily precipitation between clutch completion and hatching and
between hatching and fledging. For this analysis, I decided to exclude the three weather variables
that rely on data between the hatch date and a real or expected fledge date because no eggs
hatched for 16.2% of the nests in the dataset. In order to determine which of the remaining
variables to use in my full model, I created a correlation matrix using the “stats” package (v.
4.1.3) (R Core Team, 2021). For all pairs of highly-correlated continuous variables (over 0.70),
one was discarded.
Prior to analysis, I log-transformed the two variables related to distance of nearest nest,
ensured that year was treated as a factor, and formulated the date of clutch completion as the
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number of days after April 1st of that year. I performed all data transformation and analysis in R
(v. 4.1.3) (R Core Team, 2021).
Modeling
I determined that the dataset was zero-inflated and underdispersed based on the mean,
variance, and histogram of the response variable. The mean and variance of the number of
fledglings produced per nest was 1.42 and 1.46 respectively. When excluding the records of zero,
the mean and variance were 2.05 and 0.81, respectively. The Conway-Maxwell Poisson
distribution, which can cope with under and overdispersion, is a good choice for reproductive
data which is often underdispersed (Brooks et al., 2019). I ultimately used a zero-inflated
generalized linear model with a Conway-Maxwell Poisson error distribution to determine
whether the variables collected at the scale of individual nests explained variation in the number
of fledglings produced per nest. I used the glmmtmb function from the “glmmTMB” package (v.
1.1.3) to model the data (Brooks et al., 2017), as suggested by Touchon (2021).
I verified my choice of model parameters (zero inflation and error distribution) by
comparing the Akaike Information Criterion (AIC) and AICc of models with the same variables,
but different parameters. I generated AIC and AICc scores using the “stats” package (v. 4.1.3) (R
Core Team, 2021) and the “AICcmodavg” package (v. 2.3.1) (Mazerolle, 2020). I chose the
model with the lowest AIC and AICc, as these measures indicate best fit. Other than the fixed
variables described above, I also considered the inclusion of a random effect and an offset. The
random effect was the unique Pair ID that monitors gave to each pair as they created their first
nest each year. Some pairs had more than one recorded nest attempt and this random effect
would allow variance by parent pair. There were very few banded plovers in the study area so
comparing a singular plover pair’s reproductive success over multiple years was not possible. I
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considered clutch size as an offset. Offsets correct for differences in density. Not every pair laid
four eggs in each nest. The number of eggs limits the number of potential fledglings. To
determine whether to include the random effect and the offset, I compared the AIC scores of
models that only differed in whether they included a random effect and offset.
Once the other aspects of the model were set, I used AIC and AICc scores to determine
the best fit model. AICc scores are a better measurement of fit for this analysis due to the small
sample size of the dataset. Because of the number of fixed variables, I used three hypotheses to
divide my full model and compare AICs. The first hypothesis was that the time of nest creation
affected the number of fledglings produced. The model related to this hypothesis included
variables related to time: year, date of clutch completion, and nest attempt. The second
hypothesis was that the location of the nest would affect the number of fledglings produced. This
model included North-South location, meta-site, distance to the nearest PIPL nest, distance to the
nearest AMOY nest, and year. The third hypothesis was that the weather experienced by the eggs
during incubation would affect the number of fledglings produced. This model included the
temperature and precipitation variables, as well as year. Year was included in all three
hypothesis-based models because most, if not all, ecological elements are temporally dependent.
Year most obviously belongs in the nest timing model, but beach habitat for nesting changes on a
yearly basis, due to growing vegetation and erosion, and weather changes on a yearly basis, due
to climate change and storm patterns.
After determining which of the three models had the lowest AIC score, I used the drop1
function from the “lme4” package (v. 1.1.28) to determine the best fit version of that model
(Bates et al., 2015). I also used the drop1 function on the full model to ensure that I had not
removed any variables that might be important to the final model.
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Once I had a best fit model, I compared the final model with models that lacked one of
the represented variables using two methods. I used the aictab function from the “AICcmodavg”
package (v. 2.3.1) (Mazerolle, 2020) to create a model selection table that includes the number of
estimated parameters per model (K), the AICc for datasets with smaller sample sizes, the change
in AICc between the best fit model and the model without a variable, the Akaike weights (model
probabilities), and the log likelihood of each model. I used the anova function from the “stats”
package (v. 4.1.3) (R Core Team, 2021) to perform likelihood ratio tests on the best fit model
and models without one of the variables so I could determine the importance of each of the
variables. Each likelihood ratio test produced the chi square value and p value for the difference
between the two models, as well as the AIC and log likelihood for each model. For categorical
variables, I then performed a post-hoc Tukey test using the pair function from the “emmeans”
package (v. 1.7.3) (Lenth, 2022).
There is no definitive coefficient like R2 for generalized linear effects models:
statisticians have created a number of approximations. Most pseudo-R2 values do not
accommodate models that use zero inflation and the Conway-Maxwell Poisson error distribution.
I used the r2_nakagawa function from the “performance” package (v. 0.8.0.11) (Lüdecke, 2021),
as suggested by Nakagawa & Schielzeth (2013). I also approximated the variance in the data
explained by the model by calculating and squaring the correlation between the number of
fledglings predicted by the model and the observed number of fledglings. I used the predict
function from the “glmmTMB” package (v. 1.1.3) (Brooks et al., 2017) and the cor function
from the “stats” package (v. 4.1.3) (R Core Team, 2021).
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Results
Data Preparation
I analyzed 111 nest records from 103 plover pairs over six years (from 2015 to 2019 and
then 2021). My original dataset included 143 nest records, but I removed records with NAs
during the data preparation process. 14 of the records with NAs were incomplete because the
nest failed before the clutch was completed (possibly due to predation, flooding, abandonment,
or other possible causes) and monitors did not add a date of clutch completion. In the final
dataset, 18 of the nests failed to hatch any chicks. 16 of the nests successfully hatched at least
one chick, but none of the chicks survived to fledgling age. 77 of the nests hatched and fledged at
least one of the chicks. There were 93 nests that were a pair’s first nest attempt of the breeding
season, while the 18 remaining were a pair’s second attempt. I excluded third nest attempts from
the final dataset because of how few they were.
The correlation matrix of continuous variables created during data preparation revealed
that date of clutch completion was highly correlated with the lowest temperature between clutch
completion and hatch. I decided to discard the latter from analysis because another measure of
extreme temperature was included in the model. The two lowest temperature measurements were
also highly correlated.
I used the AIC and AICc scores of models with the same fixed variables but different
parameters to validate my choice of a zero-inflated Conway-Maxwell Poisson (Table 1). The
zero-inflated Conway-Maxwell Poisson and the zero-inflated Gaussian model were both the best
fit of the options (the difference in AIC scores between the two was less than two and therefore
negligible). I chose to use the Conway-Maxwell Poisson out of these two options because this
error distribution is better suited to handle underdispersion in count data (Brooks et al., 2019).
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Table 1
AIC comparison between zero-inflated or non-zero-inflated models with different families of
error distribution
Models

K

AIC

AICc

D AICc

Family:
Conway-Maxwell Poisson
Zero Inflation:
Yes
Family:
Gaussian
Zero Inflation:
Yes
Family:
Poisson
Zero Inflation:
No
Family:
Conway-Maxwell Poisson
Zero Inflation:
No
Family:
Poisson
Zero Inflation:
Yes
Family:
Negative Binomial
Zero Inflation:
Yes
Family:
Gaussian
Zero Inflation:
No

19

327.26

335.61

19

328.89

17

0.00

AICc
Weight
0.69

Cumulative
Weight
0.69

Log
Likelihood
-144.63

337.24

1.63

0.31

0.99

-145.44

340.07

346.65

11.04

0.00

1.00

-153.03

18

339.76

347.20

11.59

0.00

1.00

-151.88

18

342.06

349.49

13.88

0.00

1.00

-153.03

19

344.06

352.41

16.80

0.00

1.00

-153.03

18

355.51

362.94

27.33

0.00

1.00

-159.75

Note. The error distribution family to use for this dataset was partially determined by comparing
the AIC of a model that varied only by error distribution family (Gaussian, Poisson, Negative
Binomial, and Conway-Maxwell Poisson). Use of zero inflation (with the parameter set to 1 or 0)
also varied between models. All models had all the analyzed fixed variables, an offset of clutch
size, and no random variables. K indicates the number of estimated parameters in the model. Due
to the small sample size, AICc is a better measure of fit than AIC. The Akaike weights indicate
which model is more likely to be the most parsimonious. The models higher in the table are
better fit than models lower in the table based on AICc scores. The two models with the best
AIC, AICc, and log-likelihood were both zero-inflated and used a Conway-Maxwell Poisson
error distribution or a Gaussian error distribution. Using the negative binomial family without
zero inflation caused model convergence issues.
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I decided whether to include Unique Pair ID as a random effect and Clutch Size as an
offset by comparing AIC and AICc scores between models that did or did not include these

components (Table 2). The offset of Clutch Size improved the model’s fit, but the random effect
of Unique Pair ID did not. Most of the nests had a clutch size of 4 (93, 83.8%) or 3 eggs (15,
13.5%), with very few with a clutch size of 2 (2, 1.8%) or 1 (1, 0.9%). Because the random effect
did not improve the model, I ultimately used a generalized linear model rather than a generalized
linear mixed model for this analysis.
Table 2
AIC comparison to determine whether to use unique pair ID as a random effect and clutch size
as an offset
Models

K

AIC

AICc

D AICc

Location Model:
Year
North-South Location
Meta-Site
Distance to AMOY Nest
Distance to PIPL Nest
Offset of Clutch Size
No random variables
Location Model
[Same fixed variables]
Offset of Clutch Size
Random Variable:
Unique Pair ID
Location Model
[Same fixed variables]
No Offset
No random variables

15

322.23

327.28

16

324.23

15

327.16

0.00

AICc
Weight
0.75

Cumulative
Weight
0.75

Log
Likelihood
-146.11

330.01

2.73

0.19

0.94

-146.11

332.21

4.93

0.06

1.00

-148.58

Note. All three models had the same set of fixed effects which involved nest location, but
differed in whether they had an offset (clutch size) or a random effect (unique pair ID). All
models included the same set of fixed variables from the hypothesis that nest location helped
explain the number of fledglings per nest. K indicates the number of estimated parameters in the
model. Due to the small sample size, AICc is a better measure of fit than AIC. The Akaike
weights indicate which model is more likely to be the most parsimonious. The models higher in
the table are better fit than models lower in the table based on AICc scores.
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Model Selection
Comparing Hypothesis-Based Models

I compared models based on my three hypotheses that the number of fledglings per nest
would be affected by (1) the timing of the nest’s creation, (2) the location of the nest, and (3) the
weather conditions experienced by the eggs (Table 3). The resulting statistics only supported the
importance of the nest’s location, including the variable of year which was in each of the
hypothesis models.
Table 3
AIC comparison of the full model and the models based on the nest timing hypothesis, the nest
location hypothesis, and the weather during incubation hypothesis
Variables

K

AIC

AICc

D AICc

Location Model:
Year
North-South Location
Meta-Site
Distance to AMOY Nest
Distance to PIPL Nest
Full Model:
Year
North-South Location
Meta-Site
Distance to AMOY Nest
Distance to PIPL Nest
Clutch Completion Date
Nest Attempt
Highest Precipitation during
egg incubation
Highest Temperature during
egg incubation
Time Model:
Year
Clutch Completion Date
Nest Attempt
Weather Model:
Year
Highest Precipitation during
egg incubation
Highest Temperature during
egg incubation

15

322.23

327.28

19

327.26

10

10

0.00

AICc
Weight
0.97

Cumulative
Weight
0.97

Log
Likelihood
-146.11

335.61

8.33

0.02

0.98

-144.63

334.48

336.68

9.40

0.01

0.99

-157.24

334.48

336.68

9.40

0.01

1.00

-157.24
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Note. The location model included variables related to nest location, based on the hypothesis that
nest location affected the number of fledglings produced per nest. The full model included all the
variables in the analysis. The time model included the variables related to the timing of nest
creation. The weather model included variables related to the weather experienced by eggs
during the incubation period. Other than the fixed variables, all other elements of these models
were the same. K indicates the number of estimated parameters in the model. Due to the small
sample size, AICc is a better measure of fit than AIC. The Akaike weights indicate which model
is more likely to be the most parsimonious. The models higher in the table are better fit than
models lower in the table based on AICc scores.
Comparing Sub-Divided Model Variations of the Nest Location Hypothesis Model
Because the nest location hypothesis model was the best fit of the three hypothesis-based
models, I investigated its specific variables further by dropping variables and comparing the
versions (Table 4). Dropping variables from the nest location hypothesis model resulted in two
best fit models. Both location models included year and North-South location, but differed in
whether they included meta-site or distance to the nearest American oystercatcher nest (Table 4).
Including both of the two latter variables did not improve the model’s fit: the AICc scores of the
model with all four variables was not different from the AICc scores of a model version with
only three of the variables (DAICc < 2). In order to create a parsimonious model, if a variable
does not improve the fit, it is usually removed from the final model. However, removing both
meta-site and distance to nearest American oystercatcher nest reduced the fit of the location
model. This suggested that there was a relationship between the two.
A one-way ANOVA revealed that there was a difference in the log-transformed mean
distance to the nearest American Oystercatcher nest between meta-sites (F(3, 107) = 10.23, p <
0.0001). Plover nests in Far Rockaway were significantly farther from American Oystercatcher
nests (M = 332.86, SD = 306.39) than were nests in the three meta-sites of Arverne-Edgemere:
the interior of the pre-fenced area (M = 116.90, SD = 61.31, p < .0001, 95% C.I. = [0.42, 1.30]),
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the boundaries of the pre-fenced area (M = 111.43, SD = 61.27, p < .001, 95% C.I. = [0.38,
1.42]), and the western end (M = 86.47, SD = 19.33, p = .0085, 95% C.I. = [0.20, 1.83]).
Table 4
AIC comparison of a selection of models using variables from the location model
Variables
Year
North-South Location
Distance to AMOY Nest
Year
North-South Location
Meta-Site
Distance to AMOY Nest
Year
North-South Location
Meta-Site
Year
North-South Location
Meta-Site
Distance to AMOY Nest
Distance to PIPL Nest
Year
Distance to AMOY Nest
Year
Meta-Site
Year
North-South Location
Year

K

AIC

AICc

D AICc

11

322.11

324.77

14

320.59

13

0.00

AICc
Weight
0.29

Cumulative
Weight
0.29

Log
Likelihood
-150.05

324.97

0.19

0.26

0.55

-146.30

321.43

325.18

0.41

0.24

0.79

-147.71

15

322.23

327.28

2.51

0.08

0.87

-146.11

9

326.09

327.87

3.10

0.06

0.93

-154.05

11

325.76

328.42

3.65

0.05

0.98

-151.88

10

328.29

330.49

5.71

0.02

0.99

-154.14

8

330.49

331.90

7.13

0.01

1.00

-157.25

Note. This model selection table shows eight of the variations of the nest location hypothesis
model with different variables dropped. K indicates the number of estimated parameters in the
model. Due to the small sample size, AICc is a better measure of fit than AIC. The Akaike
weights indicate which model is more likely to be the most parsimonious. The models higher in
the table are better fit than models lower in the table based on AICc scores. The top three
variations of the location model in this table all have similar AIC and AICc scores, but the first
and third models have fewer variables and are therefore more parsimonious.
Model Fit
Each of the best fit location models had similar AIC and AICc scores, indicating that both
fit the data to a similar extent. I used likelihood ratio tests to compare each model to models that
drop one of the fixed factors (Table 5 & 6). Dropping any of the fixed factors created a model
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that did not fit as well as either best fit location model. This process also helped determine how
important each variable was to the model’s fit.
In order to determine how well the models fit the data, I plotted the observed number of
fledglings per nest against the number of fledglings per nest predicted by each model (Figure 3).
The range of the observed values was from 0 to 4 (M = 1.42). The range of the predicted values
for the model containing distance to nearest American oystercatcher nest was from 0.35 to 4.22
(M = 1.83). The correlation between the observed and predicted response variable was .332. The
squared correlation, which can function as an approximate R2, was .110 (Bolker, 2022). The
marginal Nakagawa R2, another approximate R2 for generalized linear models and mixed models,
was .196 (Nakagawa & Schielzeth, 2013). Calculating predicted values using the other best fit
model that included meta-site produced different results. The range of predicted values was 0.45
to 3.65 (M = 1.79). The correlation between the observed and predicted response variable was
.423 and the squared correlation was .179. The marginal Nakagawa R2 was .200. These results
indicate that these best fit models only explain approximately 11 to 20% of the variability in the
dataset and suggest that more information about the conditions the plovers experienced may be
needed. Because the observed values and predicted values are not highly correlated, special care
should be taken not to over-interpret post hoc tests.
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Table 5
AIC and likelihood ratio test results of the fixed variables in the best fit model with distance to
nearest American oystercatcher nest
AICc
Weight
0.77

Cum.
Wt.
0.77

Log
Likelihood
-150.05

c2

r
value

324.77

D
AICc
0.00

326.09

327.87

3.10

0.16

0.93

-154.05

7.98

.0184

10

328.29

330.49

5.71

0.04

0.98

-154.14

8.18

.0042

6

330.93

331.74

6.97

0.02

1.00

-159.47

18.83

.0021

Variables

K

AIC

AICc

Year
North-South Location
Distance to AMOY Nest
Year
Distance to AMOY Nest
Drop:
North-South Location
Year
North-South Location
Drop:
Distance to AMOY Nest
North-South Location
Distance to AMOY Nest
Drop: Year

11

322.11

9

Note. These results were created by comparing the final model with models that have one of the
fixed variables dropped. K indicates the number of estimated parameters in the model. Due to the
small sample size, AICc is a better measure of fit than AIC. The Akaike weights indicate which
model is more likely to be the most parsimonious. The chi-square and p values indicate how
different the best fit model is when a particular variable is dropped. The models higher in the
table are better fit than models lower in the table based on AICc scores.
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Table 6
AIC and likelihood ratio test results of the fixed variables in the best fit model with meta-site
AICc
Wt
0.79

Cum.
Wt
0.79

Log
Likelihood
-147.71

c2

r value

325.18

Delta
AICc
0.00

325.76

328.42

3.25

0.16

0.94

-151.88

8.33

0.0155

10

328.29

330.49

5.31

0.06

1.00

-154.14

12.86

0.00495

8

334.46

335.88

10.70

0.00

1.00

-159.23

23.04

0.000332

Variables

K

AIC

AICc

Year
North-South Location
Meta-Site
Year
Meta-Site
Drop:
North-South Location
Year
North-South Location
Drop:
Meta-Site
North-South Location
Meta-Site
Drop: Year

13

321.43

11

Note. These results were created by comparing the final model with models that have one of the
fixed variables dropped. K indicates the number of estimated parameters in the model. Due to the
small sample size, AICc is a better measure of fit than AIC. The Akaike weights indicate which
model is more likely to be the most parsimonious. The chi-square and p values indicate how
different the best fit model is when a particular variable is dropped. The models higher in the
table are better fit than models lower in the table based on AICc scores.
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Figure 3
A comparison between the number of fledglings observed and the number of fledglings predicted
by (a) the best fit model including distance to nearest American oystercatcher nest and (b) the
best fit model including meta-site

A.
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Note. The observed number of fledglings on the y-axis is compared with (A) the number of
fledglings per nest predicted by the best fit model including distance to nearest American
oystercatcher nest on the x-axis or (B) the number of fledglings per nest predicted by the best fit
model including meta-site on the x-axis. The predict function from the “glmmTMB” package in
R created the predicted values using the observed values from the predictor variables in the
models. The regression line for each graph is displayed in red.
Year
Year was included in both best fit models. Models that did not include year were the least
parsimonious out of the models that dropped a variable, and dropping year produced the biggest
differences in values (Table 5 & 6) (Model including distance to AMOY nest: c 2 (5) = 18.83, p
= .002; Model including meta-site: c 2 (5) = 23.04, p < .001). The post hoc Tukey tests for each
model indicated that the number of fledglings per nest was lower in 2021 (M = 0.55, SD = 0.91)
than in other years. The Tukey test for the model including distance to nearest AMOY nest
specifically identified that the number of fledglings per nest was lower in 2021 than in 2016 (M
= 1.55, SD = 1.15, p = .005), 2017 (M = 2.12, SD = 1.05, p = .013), and 2019 (M = 1.41, SD =
1.37, p = .045). The Tukey test for the model including meta-site calculated that the number of
fledglings per nest was lower in 2021 than in all other years: 2015 (M = 1.47, SD = 1.06, p =
.029), 2016 (p < .001), 2017 (p < .001), 2018 (M = 1.65, SD = 1.23, p = .017), and 2019 (p =
.013). Concluding results from these post-hoc tests is more difficult due to the high variance
between nests each year, but the decrease in the reproductive success in 2021 does seem to be
important. 2021 had the highest number of nests included in analysis and the highest average
clutch size of all the years, although the number of pairs represented in analysis was close to
average (Table 7). Five of these nests were first nest attempts in which offspring died before they
could fledge and were followed by a second nest attempt.
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Figure 4
Boxplot chart of how the number of fledglings per nest varies by year

A.

B.
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C.

Note. The series of boxplot tracks the change in the number of fledglings per nest over the years
represented in the study. The data points overlay the boxplots and are jittered to easily show the
number of points. The median of each year is represented by a thicker gray line and the mean of
each year is represented by a white square. The y-axis for (A) is the observed number of
fledglings per nest. (B) uses the number of fledglings per nest predicted using the best fit model
with distance to nearest American oystercatcher nest. (C) represents the predicted values using
the best fit model with meta-site.
Table 7
Summary of reproductive output of the study area across years
Year # of Pairs
2015
2016
2017
2018
2019
2021

15
17
17
20
17
17

# of Nests
15
20
17
20
17
22

Avg. Clutch
Size
3.8
3.7
3.706
3.75
3.882
3.9545

# of Fledglings
22
31
36
33
24
12

Avg. Fledglings
per Nest
1.467
1.55
2.118
1.65
1.412
0.545

Avg. Fledglings
per Pair
1.467
1.824
2.118
1.65
1.412
0.706

Note. This summary of reproductive output does not include the nest records that were excluded
from analysis due to incomplete information. The number of nests differs from the number of
pairs when a pair has more than one nest attempt in a season.
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North-South Location
North-South location was included in both models although dropping North-South
location from each model made the least amount of difference in model parsimony and how
much variance the model explained (according to AICc scores and Akaike weights) (Table 5 &
6) of all the included variables (Model including distance to AMOY nest: c 2 (2) = 7.98, p =
.018; Model including meta-site: c 2 (2) = 8.33, p = .016). Nests in the front (n = 24, M = 1.38,
SD = 1.50), middle (n = 44, M = 1.27, SD = 1.09), and back (n = 43, M = 1.60, SD = 1.16) of the
beach seemed to vary in the number of fledglings produced from those egg clutches (Figure 5A).
However, the post-hoc Tukey tests are hard to interpret due to the high standard deviation for the
locations and the relatively low correlation between the observed and predicted values. Both
post-hoc Tukey tests, which use the number of fledglings per nest predicted by the model,
indicate that the mean number of fledglings per nest was higher among nests located in the front
compared to nests located in the middle (Model including the AMOY variable: p = .012; Model
including meta-site: p = .008) or back (Model including the AMOY variable: p = .027; Model
including meta-site: p = .039) (Figure 5B & C). However, the mean of the observed number of
fledglings per nest was highest for nests located in the back (Figure 5A). It is not possible to
determine which North-South location contained nests with the highest reproductive success
using these post-hoc results, most likely due to high standard deviations.
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Figure 5
Boxplot chart of the (a) observed and (b & c) predicted number of fledglings per nest grouped by
north-south location

A.

B.
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C.

Note. These boxplots group the number of fledglings per nest by North-South location. The data
points overlay the boxplots and are jittered to easily show the number of points. The median of
each year is represented by a thicker gray line and the mean of each year is represented by a
white square. (A) is the observed number of fledglings per nest. (B) represents the predicted
values using the best fit model with distance to nearest American oystercatcher nest. (C)
represents the predicted values using the best fit model with meta-site.
Distance to the Nearest American Oystercatcher Nest
The distance from the subject plover nest to the nearest American oystercatcher nest
ranged from 9.63 to 1231.61 feet (2.94 to 375.39 m) and was log transformed for analysis to
reduce the importance of high values. The number of fledglings produced per nest increased with
the distance to the nearest American oystercatcher nest (c 2 (1) = 8.18, p = .004) (Figure 6). As
mentioned previously, this variable has a relationship with meta-site. These distances were
generally higher for nests in Far Rockaway than in other meta-sites.
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Figure 6
Scatterplot of the relationship between the number of fledglings per nest and the log-transformed
distance to nearest American oystercatcher nest (in feet)

A.

y = 0.31x – 0.06

B.

y = 0.56x – 0.82
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Note. The number of fledglings per nest are shown plotted against their log-transformed distance
to the nearest American oystercatcher nest (in feet). (A) uses the observed number of fledglings
per nest. The formula of the regression line is y = 0.31x - 0.06. (B) uses the number of fledglings
per nest predicted by the model that includes distance to nearest AMOY nest. The formula of the
regression line is y = 0.56x – 0.82.
Meta-Site
Meta-site is a categorical division of the study area into parts with different levels of
human disturbance based on my understanding of the study area. Meta-sites included the western
end of the official site of Arverne-Edgemere (n = 6, M = 2.00, SD = 1.41), the boundaries of the
pre-fenced area of Arverne-Edgemere (n = 24, M = 1.67, SD = 1.27), the interior of the prefenced area of Arverne-Edgemere (n = 58, M = 1.21, SD = 1.04), and Far Rockaway (n = 23, M
= 1.57, SD = 1.44). Including meta-site helps explain variance in the data (c 2 (3) = 12.86, p =
0.005), although this may be due meta-site’s relationship with the distance to nearest American
oystercatcher nest, rather than the effect of human disturbance. A post-hoc Tukey test revealed
that the mean number of predicted fledglings per nest was higher in Far Rockaway than in the
interior of the pre-fenced area of Arverne-Edgemere (p = .002) (Figure 7). Nests in the
boundaries of the pre-fenced area of Arverne-Edgemere and in the western end of ArverneEdgemere did not have better or worse reproductive outcomes than nests in other meta-sites.
These post-hoc results may not be reliable because the standard deviations are high and the
number of observations per meta-site are unequal.
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Figure 7
Boxplot chart of the number of fledglings per nest grouped by meta-site

A.

B.
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Note. These boxplots group the number of fledglings per nest by meta-site. The data points
overlay the boxplots and are jittered to easily show the number of points. The median of each
year is represented by a thicker gray line and the mean of each year is represented by a white
square. (A) uses the observed number of fledglings per nest. (B) represents the predicted values
using the best fit model with meta-site.
Discussion
For piping plovers nesting at the Rockaway Beach Endangered Species Nesting Area,
nest location—particularly the North-South location of the nest, the meta-site, the distance from
the nest to the nearest American oystercatcher nest, and the year—was important for explaining
differences in the number of fledglings produced by each nest. The best fit models for the
number of fledglings per nest explained approximately 11 to 20% of the variance in reproductive
outcomes based on estimates of R2, suggesting that there were relevant predictors that were not
measured or included.
North-South Location
The North-South location of a nest along a beach’s width is included in both best fit
models. It may help predict the number of fledglings because habitat suitability varies on the
small scale from one area of the beach width to another.
Potential Differences in Elevation and Vegetation
The front of the beach is closest to the shore and is the area most likely to be overwashed
by storm surges during the summer (Schupp et al., 2013). The front is more likely to be
unvegetated because of the more frequent flooding. Ideal plover habitat is sparsely vegetated, but
any flooding during the breeding season can be devastating for egg clutches (Anteau et al., 2012;
Cohen et al., 2008; Sidler et al., 1992; Zeigler et al., 2021). The front and middle of the beach
both have small, more vegetated dunes, which can serve as shade and hiding for both plovers and
predators. A high dune leads up the back of beach to the snow fencing and boardwalk. Nesting in
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the back reduces the possibility that a nest will be flooded by storm surge, but, depending on the
overall beach width at that point, nests in the back may be much farther from the wrack line,
which are important sources of food for adults and chicks (Anteau et al., 2012; Cohen et al.,
2009; Elias et al., 2000).
Potential Differences in Human Disturbance and Predation
Human and predator disturbance may also differ along a gradient between locations.
Humans and their dog companions often walk along the shoreline. The plover monitors mostly
saw gulls, an avian predator of plovers, close to the shoreline as well (Olijnik & Brown, 1999).
Mammalian predators do not live at the shoreline and would have to approach from their
colonies or burrows further inland, north of the boardwalk, potentially affecting nests closer to
the back of the beach. On Assateague Island (Maryland), nest predation was not dependent on
distance from the wrack, but further research would be needed to determine whether that finding
would be repeated on Rockaway Beach (Patterson et al., 1991).
Predicted Differences between North-South Locations
According to the post-hoc Tukey tests, both best fit models predict that the number of
fledglings per nest would be highest for nests located in the front of the beach. This result aligns
with a finding by Zeigler et al. (2021) that plovers in the New York/New Jersey recovery unit
showed a preference for low dunes near the water (a preference that was not indicated by plovers
in other recovery units). However, the post-hoc results may not be trustworthy. The standard
deviations, especially for the nests in the front, are high and the interquartile ranges overlap
heavily (Figure 5). NYC Parks will need to collect more data to decisively determine how NorthSouth location affects reproductive outcomes and why.
Meta-Site
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Potential Differences in Human Disturbance
Meta-site’s importance suggests that human disturbance may affect plover reproductive
outcomes. The interior of the pre-fenced portion of Arverne-Edgemere probably experiences the
least human disturbance of all the meta-sites. The few people who enter the fenced portion and
get as far as the interior are most likely aware that they are trespassing. The boundaries of
Arverne-Edgemere’s pre-fenced portion experience more human disturbance. During the
summer of 2021, monitors observed people entering the eastern boundary to fish and entering the
western boundary to walk and sunbathe. The area of Far Rockaway where plovers nest
experiences human disturbance from locals. Fishing, walking, bathing, and playing are all
common activities along the shoreline near the plovers. However, a nearby area of beach with
lifeguards attracts most of the human activity. No reports of plover nests occurred in that area.
The western end of Arverne-Edgemere experiences the most human disturbance from visiting
beachgoers and surfers. At least one surfing school trains students adjacent to the fences
surrounding nests.
While human disturbance may be the cause of meta-site’s inclusion in one of the best fit
models, the relationship between meta-site and distance to nearest American oystercatcher nest
complicates the interpretation. Is human disturbance or competition the reason for their
inclusion?
Nest Numbers and Human Disturbance
The number of plovers nesting at each meta-site in the study area followed similar
patterns to those reported by Hunt et al. (2018), which found that plovers, along with other
shorebird species, avoided beach sites with more human and dog activity. The most heavily
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disturbed meta-site had the least number of nests by far, while the least disturbed meta-site had
by far the most, although this was partially due to the longer length of the latter meta-site.
Predicted Differences between Meta-Sites
However, the difference in the number of fledglings per nest does not align with results

of studies on the effect of human disturbance on nearby beaches. On Long Island beaches, plover
chicks were less likely to survive days with more human activity (such as the weekend) and took
longer to fledge in areas with high overall levels of human disturbance (DeRose-Wilson et al.,
2018). The best fit model, on the other hand, predicts the number of fledglings per nest to be
higher in Far Rockaway than in the interior of the pre-fenced portion of Arverne-Edgemere. Far
Rockaway is much busier than the interior meta-site. One possible explanation is that while
shorebirds do prefer areas with less human disturbance, the density of shorebirds at the interior
of the pre-fenced portion of Arverne-Edgemere causes conflict that affects plover reproductive
outcomes (Hunt et al., 2018). By nesting at Far Rockaway, an area with more human disturbance
and therefore possibly less popular with other shorebirds, the plovers there avoid this conflict
and have better reproductive outcomes. If this explanation is true, competition would be the
reason for the inclusion of meta-site and distance to nearest American oystercatcher nest in the
best fit models. Human disturbance would be independent or tied to shorebird competition
indirectly.
Distance to the Nearest American Oystercatcher Nest
American oystercatchers are a North American shorebird that occupy a similar niche to
piping plovers, acting as competition (Grant et al., 2019). In New Jersey, American
oystercatchers co-exist at all of the beaches used by piping plovers (Maslo et al., 2016).
American oystercatchers and plovers are both territorial species, which leads to aggression
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between the two species, and even predation on the part of American oystercatchers which are
larger than plovers (Hogan et al., 2018; Lauro & Tanacredi, 2002).
The inclusion of distance to nearest American oystercatcher nest in the best fit model
suggests that competition with American oystercatchers affects plover reproductive outcomes.
The variable’s relationship with meta-site complicates the interpretation to an extent, but
supports the explanation given above for meta-site. Plover nests were generally farther from
American oystercatcher nests in Far Rockaway than in the other three meta-sites. A lower
amount of competition in Far Rockaway could be positive for a plover pair’s chance at
successfully raising young. The best fit model predicts that as the distance to the nearest
American oystercatcher nest increases, the number of fledglings per nest will also increase.
The monitors’ observations of shorebird behavior show how competitive the two species
can be. During the 2014 to 2020 breeding seasons, NYC Parks monitors observed plovers
performing territorial behavioral displays towards American oystercatchers 117 times, which
accounts for approximately 75% of the times plovers acted territorially towards a heterospecific
animal. Researchers at Breezy Point, a beach on the same Rockaway Peninsula as this study area,
similarly found that 67% of plover interspecific interactions were with American oystercatchers
(Hogan et al., 2018). Time and energy spent defending territory are resources that could have
been used for foraging, incubating eggs, and brooding chicks. American oystercatchers have also
directly hurt plover offspring on occasion. At this study area, in 2014, an American oystercatcher
killed a plover chick (Urban Park Rangers, 2014). At Breezy Point, American oystercatchers
predated eggs from a fake plover nest twice during an artificial nest study (Lauro & Tanacredi,
2002). Plover nests near American oystercatchers may be more likely to suffer the consequences
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of increased time devoted to territorial displays and possible predation from American
oystercatchers.
Distance to the Nearest Piping Plover Nest
The exclusion of the distance to the nearest plover nest from either best fit model
suggests that conspecific competition matters less than interspecific competition. Its inclusion
would have made sense: piping plovers are highly territorial with each other and the more time
spent on territory defense, the less time spent foraging and tending to offspring. Between 2014
and 2020, there were 561 observations of territorial displays between plovers, far more than
interspecific territorial displays. However, a higher density of plovers could indicate good habitat
and multiple pairs could help mob a predator (Cohen et al., 2009). One study, albeit on Great
Plains piping plovers, found that a greater density of nests correlated with a greater chance of
fledging at least one chick (Knetter et al., 2002).
Variables Related to the Nest Timing Hypothesis
The exclusion of variables related to nest timing within the breeding season was
unexpected and disagreed with the hypotheses. Studies from all three subpopulations of piping
plover have found that nests created later in the breeding season had lower reproductive output
(Claassen et al., 2014; Cohen et al., 2009; Knetter et al., 2002). Less experienced parents tended
to initiate nests later, and clutch sizes were often smaller in later nests (Cohen et al., 2009). Most
of the nests in the dataset had four eggs per clutch and only three nests had one or two eggs so
exploring the relationship between clutch completion date and clutch size was not statistically
practical.
Variables Related to the Weather during Incubation Hypothesis
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The highest temperature and amount of daily precipitation during egg incubation did not
contribute to plover reproductive outcomes, which was unexpected since unprotected eggs
exposed to high temperatures can suffer from deadly hyperthermia and storm flooding can
inundate nests and possibly injure eggs and chicks (Andes et al., 2020; Anteau et al., 2012;
Grant, 1982; Seavey et al., 2011; Webb, 1987). This result may be due to a lack of extreme
weather during the study period. The highest temperature an egg experienced during the study
period was 34.4 degrees Celsius. This temperature was collected at the nearby weather station at
John F. Kennedy Airport, which is slightly inland, so the temperature experienced by the egg at
that time point may have been higher or lower. In a study of passerine egg incubation, eggs
suffered from hyperthermia at above 39 degrees Celsius if exposed over several hours or at
above 41 degrees Celsius if only exposed for a short period of time (Webb, 1987). The eggs at
the study area may never have experienced a truly dangerous temperature for plover eggs or may
have been protected enough by the behavior of their parents (Andes et al., 2020). The highest
amount of precipitation in a day was 48.8 mm or about 1.92 inches.
In addition, research supports the danger of storms during chick rearing more than it does
during incubation. While rising water can destroy nests (Anteau et al., 2012), a study that
included precipitation during egg incubation as a factor concluded that precipitation was not
important (Knetter et al., 2002). Rain seem to affect chicks more severely. Nearby on Long
Island, researchers once found four chicks dead after a heavy storm (Houghton, 2005). In New
Jersey, daily chick survival decreased with increased precipitation (Stantial et al., 2021). In
regards to the other two subpopulations, Brudney et al. (2013) found that Great Lakes chicks
were less likely to survive if there was heavy rain during the first three days after hatch, and
Harris et al. (2005) attributed some Great Plains chick deaths to a heavy rain storm in 1993.
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While weather during incubation was not influential during this study period, analyses
should continue to include these variables going forward because climate change may cause
changes in temperature and precipitation extremes that could affect plover reproduction (Austin
& Colman, 2007; Brown & McLachlan, 2002).
Year
Pairs produced fewer fledglings per nest in 2021 compared to most other years. The
importance of year suggests that there are vital elements of the yearly breeding season that the
plover monitors are not recording. From year to year, many aspects of a beach can change, due to
natural forces such as erosion and vegetation growth, as well as human-made alterations. While
there are many elements of the beach that gradually shift over time, the substantial changes at
Rockaway Beach have been due to the three biggest year-based events during the past decade:
Hurricane Sandy in fall 2012, the subsequent boardwalk re-construction, and the COVID-19
pandemic.
Boardwalk Construction
The construction of a new boardwalk occurred in the aftermath of Hurricane Sandy’s
destruction. Because the construction occurred locally, there was no published research on it and
any discussion of its impacts is mostly speculation. Although the clean-up and re-construction
efforts began soon after the hurricane hit, the boardwalk reconstruction spanned multiple years,
finally finishing in 2017 (NYC Parks, 2017). While construction paused during piping plover
breeding seasons, the status of boardwalk construction differed between the years analyzed in
this model. The boardwalk allows and restricts access to certain areas of the beach, meaning that
civilians had varying amounts of access to different recreation areas over the years analyzed
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during the study. The levels of human disturbance experienced by nesting plovers may have
changed on a yearly basis depending on the extent of boardwalk construction.
Hurricane Sandy
Hurricane Sandy hit the coasts of New York and New Jersey in fall 2012, affecting much
of the nesting habitat used by plovers. Researchers in both states documented the effects of
Hurricane Sandy on suitable plover habitat there and compared habitat use in years before and
after the hurricane. Plovers prefer sparsely vegetated sections of sandy beach (Maslo et al.,
2011). Hurricane Sandy increased the amount of plover habitat in New York and New Jersey by
clearing out plants and trees from more vegetated areas of the beach (Maslo et al., 2019; Walker
et al., 2019). After Sandy, plovers began to populate newly suitable habitat in New Jersey after
Sandy and pair numbers increased dramatically (Walker et al., 2019). The population growth
following the storm suggested that plovers in New York and New Jersey were limited by the
amount of suitable habitat available (Robinson et al., 2019; Robinson et al., 2020). Governmental
organizations worked to stabilize many beach areas by adding sand and planting vegetation, in
part reversing the effects of Sandy (Robinson et al., 2020). Conservation managers for Long
Island beaches established restoration areas that maintained the sparse vegetation caused by
Hurricane Sandy (Robinson et al., 2020; Walker et al., 2019). In the years after, more plovers
nested in those restoration areas than in the years prior and those plovers experienced higher
reproductive success (Walker et al., 2019). Without additional storms, the effects of a big storm
will fade eventually as vegetation regrows. Restoration areas preserved for plover habitat may
need additional upkeep and vegetation removal by humans (McIntyre & Heath, 2011).
At the Rockaway Beach Endangered Species Nesting Area, suitable plover habitat may
have increased as well although this was not studied. The U.S. Army Corps of Engineers began
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beach stabilization efforts after Hurricane Sandy, with input by conservation managers to

maintain plover habitat. Vegetation growth occurring in the ever-increasing amount of time since
Hurricane Sandy could be responsible for the importance of year in the best fit models and the
lower reproductive success in 2021.
COVID-19
The COVID-19 pandemic may have caused differences in human disturbance levels at
Rockaway Beach during the 2020 and 2021 breeding seasons. However, determining whether
beach visitors increased or decreased is not possible without local data on visitor attendance.
While COVID affected the entire world and research on its direct and indirect impacts will be
plentiful, the research currently available on its impact on park attendance is mixed, depending
on geographical location and timepoint in the pandemic. During May and June 2020,
approximately equal numbers of NYC residents self-reported that they increased (15%) or
decreased (14%) their park usage (Lopez et al., 2021). Public parks in New Jersey reported an
increase in park usage at the beginning of the pandemic, with a steep drop only reported during
the period of time during which most New Jersey’s parks shut down (Volenec et al., 2021).
Surveys and cell phone data in North Carolina suggest that park usage decreased, particularly for
Black communities (Larson et al., 2021). If New Yorkers increased their use of the Rockaways
during the pandemic summers, the plovers in our study area may have experienced increased
human disturbance in 2021, compared to the other years in the study period, which could have
contributed to 2021’s low number of fledglings per nest.
Study Limitations
Sample Size
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The small sample size made accurate analysis more difficult. Only a small number of
pairs nested at Rockaway Beach each year. Some nests suffered from predation or abandonment
before the pair could complete the clutch. For those nests, monitors could not report all the
information they usually did and therefore those nest records were not fit for analysis. Some nest
records were not complete for other reasons. Ultimately, the highest number of nests available
for analysis in one year was twenty-two and there were only 111 nest records from six years of
monitoring.
Weather Discrepancies
Monitors recorded the temperature and whether or not it rained at the time of their data
collection, but this information did not capture the extremes of each day and could not be used to
calculate the extremes of the incubation period in general. Data from the John F. Kennedy
Airport’s weather station includes weather extremes, but the temperature and precipitation values
were likely slightly different between Rockaway Beach Endangered Species Nesting Area and
the airport, which is further inland. These discrepancies may have caused issues with
determining the role of weather in plover reproductive success.
Additional Variables of Interest
The best fit models only explain approximately 11 to 20% of the variance in the dataset,
according to the approximate R2 values. In addition, the ecological reasons behind the inclusion
of most of the variables in the best fit models are unclear, possibly because so many of the
variables relate to multiple elements of the plover breeding experience. This is most clearly seen
in the relationship between distance to nearest American oystercatcher nest and meta-site: the
former variable measures potential competitive friction between plovers and American
oystercatchers, but co-varies with a proxy measure for human disturbance. These results suggest
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that (1) there are other elements of the plover breeding experience that likely affect reproductive
success and (2) monitors should directly measure these elements as much as possible so that the
results from models that include these elements as variables are easy to interpret. Based on
plover literature, the elements that are most likely ecologically relevant are: geographic habitat
suitability, human disturbance, and predation. The issues affect all plover populations, but the
ways they affect them vary by location.
Geographic Habitat Suitability. Habitat features help determine where plovers nest and
can affect plover survival and reproductive success (Anteau et al., 2014). Lack of habitat with
features such as sandy substrate and sparse vegetation can limit population growth (Robinson et
al., 2020). Researchers have seen increases in plover habitat following storms and other flooding
events throughout the Atlantic Coast, as well as for the ranges of other subpopulations (Robinson
et al., 2019; Zeigler et al., 2019). River flooding and planned reservoir level rises in the Great
Plains substitute for the coastal storm flooding seen on beaches in the Atlantic (Anteau et al.,
2012; Sidle et al., 1992). Beach stabilization projects, like the ones on Long Island and
Rockaway Beach after Hurricane Sandy, disrupt this flooding process and allow for vegetation
growth (Robinson et al., 2020). If plover habitat is a priority, engineers can alter beach projects
to allow for natural processes once again (Schupp et al., 2013).
Measuring vegetation around a nest is a relatively direct way to measure habitat
suitability and to monitor habitat preference. Plovers that nest further north in the Atlantic tend to
be more flexible in their habitat selection than those nesting further south and may choose to nest
in areas with slightly more or slightly less vegetation (Zeigler et al., 2021). Finding out what
range of vegetation cover plovers at Rockaway Beach Endangered Species Nesting Area accept
for nesting will help NYC Parks determine if they need to make changes to overall vegetation at
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the site in order to increase the amount of suitable plover nesting habitat. If the amount of
vegetation near nests changes after an event like Hurricane Sandy or the U.S. Army Corps of
Engineers beach stabilization project, knowing the previous baseline for vegetation cover will
allow NYC Parks to interpret the effects of the event and change the amount of vegetation to get
back to the baseline if needed. A direct measure of vegetation cover could be used to analyze
whether the suitability of the habitat around a nest affects the reproductive outcome of the nest.
Human Disturbance. Human disturbance level affects health and mortality for both
plover adults and offspring (DeRose-Wilson et al., 2018; Gibson et al., 2018). The severity of the
effect seems to depend on a number of factors, including whether the offspring are eggs or
chicks. On Long Island, human and dog tracks did not correlate with nest abandonment, which
affects the survival of an egg to hatching (Doherty & Heath, 2011). On an overlapping set of
Long Island beaches, the high numbers of observed visitors negatively affected chick survival
(DeRose-Wilson et al., 2018).
The impact of human disturbance depends on location at both a small scale, such as
between more or less protected beaches, and at a larger scale, between subpopulations. While in
general along the Atlantic Coast, the presence of dogs and humans within 200 meters reduced the
number of piping plovers viewable on a beach at a given time, the number of humans and dogs
present on those beaches varied widely by season and degree of beach protection (Hunt et al.,
2018). In one study on Assateague Island in Maryland, only one nest failed from direct human
disturbance in two breeding seasons (Patterson et al., 1991). While humans and their dogs and
vehicles are a concern in western populations (Rutter, 2016; USFWS, 2020), Great Lakes plovers
had better chick survival on public beaches and the amount of human development close by was
not an important variable for chick survival (Brudney et al., 2013). Human disturbance may not
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be as much of a problem on Great Lakes public beaches because of the extensive public outreach
and education at those locations (Gratto-Trevor & Abbott, 2011). In alkali wetlands of the Great
Plains, where people are less likely to vacation, human disturbance is not considered as high of a
threat (USFWS, 2009; Gratto-Trevor & Abbott, 2011).
Rockaway Beach is one of the most popular beaches in New York City and it is public,
which means it is one of the few places that New Yorkers can come to experience the shore
(Dubois, 2016). In urban areas, human-wildlife conflict can be particularly intense because of the
sheer volume of humans. Millions of beachgoers visit Rockaway Beach each year, but NYC
Parks does not have information on how many beachgoers typically visit the beach nearby where
plover nest (NYC Parks, 2014). Recording the number of people and dogs seen at different parts
of the beach would give a more direct measure of human disturbance than meta-site. Having
these direct human disturbance measures would have also made interpreting the importance of
year in the model easier.
Predation. Predation affects all piping plover populations with the general success of
predator exclosures at improving nest success as evidence (Barber et al., 2010; Cohen et al.,
2009; Knetter et al., 2002; Patterson et al., 1991; Rimmer & Deblinger, 1990; USFWS, 2020).
However, the types of predators and their relative impact varies by plover stage of life and
location (Catlin et al., 2011; Knetter et al., 2002; Kwon et al., 2018; Stantial et al., 2021). An
artificial nest study demonstrated that gulls, crows, and rats are important egg predators at
Breezy Point, the closest plover nesting site to Rockaway Beach (Lauro & Tanacredi, 2002).
Cats and foxes seem to be important predators of chicks and adults on Long Island. Fox tracks by
nests predicted nest abandonment by adults (Doherty & Heath, 2011), and trapping cats and
foxes increased the number of chicks that survived to fledgling age (Cohen et al., 2009). Predator
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populations vary from place to place. In New Jersey, the presence of American mink
complicated a project to reduce plover predation by removing foxes: without the foxes, the mink
population increased, as did their predation on plover eggs (Stantial et al., 2021). A study from
the Great Plains population concluded that chick loss was mostly due to avian predators and that
mammals did not prey much on plover chicks (Ivan & Murphy, 2005).
Direct measurements of predator presence or predation would be very useful. 26% of egg
loss at nearby Breezy Point from 1988 to 1996 was due to predation (Lauro & Tanacredi, 2002).
Predation rates at the Rockaway Beach may be similarly high and predator presence could
explain a lot of the variance in reproductive success. However, both predation and predator
presence can be hard to measure adequately. Catching predation in the act is highly unlikely.
Predator tracks around a nest are easily erased by rain and wind, and nest failure may not be
correctly identified as predation (Andes et al., 2019). Cameras can potentially alert predators to
the presence of a nest and encourage beachgoers to investigate the area. Predator presence is
easier to measure than focusing on the individual perpetrators, but still presents difficulties.
Counting predators can work well, but hidden and nocturnal predators present problems. Intact
predator tracks in the general area can be counted, as long as they can be identified (Doherty &
Heath, 2011). A combination of predator counts and predator tracks, depending on the species,
could be used at Rockaway Beach Endangered Species Nesting Area.
Shorebird Conservation Policies
Shorebird conservation cannot be managed using a one-size-fits-all approach. Each
separately managed area faces a different set of challenges due to differences in geography,
including region, water type, elevation, habitat type, and climate; ecology, including the local
protected species to prioritize and those species’ predators, competitors, and prey; and
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sociopolitical status, including public vs. private ownership, governmental protections and
funding, local politics, and education programs.
While research at other conservation areas can provide guidelines, individualized
monitoring and evaluation should be used to measure current demographics at a conservation site
and to measure factors that may be contributing to the site’s productivity. Continuing this over a
period of time provides a baseline with which to compare any changes due to new recommended
policies or due to unavoidable events (such as hurricanes and pandemics).
Policies at Rockaway Beach Endangered Species Nesting Area
Rockaway Beach, as an urban beach in New York City, has its own set of challenges that
may not be conducive to conservation policies recommended for other nesting areas. For
example, while researchers at other beaches have studied the effects of high human activity, their
categorization of high use was much lower than the amount of human activity usually seen at
Rockaway Beach (DeRose-Wilson et al., 2018). Policies to reduce human-wildlife conflict based
on research set in more suburban or rural areas may not apply well to urban areas. As NYC Parks
negotiates what policies work and decides how to better improve plover reproductive outcomes,
it may be able to provide good advice to other areas that are rapidly urbanizing and are about to
be faced with a new set of challenges.
Limitations on Human Activity. Like many other conservation areas, Rockaway Beach
Endangered Species Nesting Area relies heavily on excluding human activity from certain areas.
Limiting the number of people on areas of the beach is polarizing, both due to the number of
people wanting to visit the beach and due to the sociopolitical landscape. The area used by the
plovers and therefore restricted during busy summer months is on the predominantly Black
eastern end of the Rockaway Peninsula (DuBois, 2016). Boardwalk construction was halted in
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that area during the plover breeding season to comply with the Endangered Species Act and local
policies. Because of these interruptions, Hurricane Sandy recovery was prolonged in the eastern
Rockaway community, disproportionately affecting the low-income Black residents there and
angering the community (DuBois, 2016). The yearly limitation in usable beach space and the
security officers needed to enforce these restrictions also disproportionately affects residents of
the area.
Limitations on Dog Activity. Monitors and security officers also have to remind people
of dog-walking restrictions, which can cause further confrontation. Dogs are not allowed on
NYC beaches between Memorial Day and Labor Day and are only allowed to be walked on leash
during the rest of the year (NYC Parks, n.d.). However monitors frequently saw dogs both
leashed and unleashed during the summer months and this type of noncompliance is fairly
common at many other beaches (Rutter, 2016). For many, pets are considered to be part of the
family and beachgoers with dogs may believe that the benefit of exercising to their dog
outweighs any danger to local wildlife (Rutter, 2016).
Education & Outreach. The NYC Parks Department conducts education and outreach
projects in order to garner sympathy and support for the plovers and the human activity
limitations that protect them. Assuaging tensions with residents through education, outreach, and
other diplomatic measures is positive, but reaching out to the enormous number of residents near
a beach in NYC and other highly urban areas is difficult. Many people do not receive this
messaging.
Predator Removal. Recently the plover monitoring team has not used predator removal
as a form of conservation action. While cat removal seems to improve chick survival (Cohen et
al., 2009), many people have a soft spot for free-roaming and feral cats. Some locals feed
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populations of feral cats at Rockaway Beach, as well as in many other neighborhoods in New
York City (Chung, 2016). Cats harm bird populations and can predate plovers, but removing
them could cause anger and tension with the community. Even tracking feral cat populations to
measure predator presence could potentially be viewed with suspicion and animosity by the
Rockaway Beach community.
Predator Exclosures. Predator exclosures of different types have been used in many
nesting areas with success, but the decision to start using them can be complex (Maslo &
Lockwood, 2009). Predicting whether predator exclosures will work depends on knowing what
predators are an issue since different predator exclosures keep out different predators (Ivan &
Murphy, 2005). Exclosures can increase nest abandonment and ruin any camouflage tactic on the
birds’ part, allowing predators and people to more easily find the nests and the parents (Barber et
al., 2010; Cohen et al., 2016; Murphy et al., 2003). NYC Parks used to erect predator exclosures
around some nests, but vandalism of exclosed nests and the removal of the nest’s eggs was a
persistent problem. Vandalism would most likely not be an issue in a more remote area (Urban
Park Rangers, 1999). The last attempt at an exclosure occurred in 2015 and the plover parents
seemed like they were going to abandon the nest so that one exclosure was removed (Urban Park
Rangers, 2015). The decision to exclose nests, like other conservation actions, should be treated
on a beach-by-beach basis.
Chick Shelters. Since 2015, monitors have erected chick shelters made of a metal pole
with strips of wood extending like a skirt on the bottom third (Urban Park Rangers, 2015). The
gaps between the wood are big enough for piping plover adults and chicks, as well as American
oystercatcher chicks. Monitors place these shelters semi-regularly throughout the nesting area.
Providing artificial shelter to hooded plover chicks corresponded with a large increase in survival
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(Maguire et al., 2011). There has not yet been research at Rockaway Beach to determine whether
these shelters successfully protect chicks.
While the politics of managing endangered species in a heavily urbanized area are often
complex, the continued growth of cities necessitates additional research into the science and
policies of effective urban conservation management.
Policy Recommendations and Future Directions
Monitoring. NYC Parks needs to directly measure common challenges to plover
breeding success, including habitat suitability (in the form of vegetation cover), human
disturbance, and predator presence. These additional measurements will improve the ability of
future analyses to understand why plover eggs at Rockaway Beach survive to become fledglings
and what NYC Parks can do to help. NYC Parks and the seasonal plover monitoring team have
already started to improve their measurement of predator presence. During the summer of 2021,
they began a yearly ghost crab survey. Ghost crabs prey on plover eggs and chicks (Kwon et al.,
2018). In situations where direct measurements are not possible, NYC Parks may be able to
partner with other organizations (such as local surf schools, pest control organizations, animal
shelters, and the U.S. Army Corps of Engineers) to obtain indirect or proxy measurements.
Education & Outreach. While NYC Parks already engages the public in education and
outreach events, programs specifically geared towards particular policies may be necessary. If
directly measuring certain factors (such as the number of dogs or cats) seems to cause suspicion,
programs specifically dedicated to explaining that form of monitoring could help smooth
community relations. Any attempt to instate a predator removal policy at this site should be
accompanied by cat-specific public education and targeted outreach to the interested individuals
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and groups, as well as research to report any effects that the cat colonies are having on local
shorebirds.
Exclosures and Chick Shelters Near American Oystercatchers. Competition (and
possibly predation) from American oystercatchers seems to contribute to plover offspring
mortality. The monitoring team should pay close attention to plover nests that are close to
American oystercatchers. If there appears to be antagonistic behavior between the plover parents
and the American oystercatcher parents, additional chick shelters should be placed nearby to
protect chicks once they hatch (Maguire et al., 2011). Monitors should also consider adding a
predator exclosure to the plover nest. While historically exclosures have sometimes been
vandalized, it may be worth the risk to protect the eggs from American oystercatcher aggression
and predation (Urban Park Rangers, 1999).
Experiment with Vegetation Removal. The reasons behind the importance of year to
plover reproductive success are still unknown. If 2021’s low plover reproductive success was
due to changes in human disturbance from COVID, there is not much NYC Parks can do, but
wait until the pandemic is truly over and human activity is back to its normal levels. However, if
it was due to vegetation growing back in after Hurricane Sandy, NYC Parks can remove
vegetation to create more suitable habitat. If the NYC Parks Department chooses to only remove
vegetation from some areas, the staff could see whether reproductive success is higher in the
areas with less vegetation.
Future Directions for Data. There is still more to learn from the data that NYC Parks
has already. Almost all of the variables considered in this analysis were related to the nest and
the period of incubation, with no variables specific to the chick-rearing period. While extreme
weather during egg incubation did not affect reproductive success in the Rockaways, chicks can
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be very vulnerable to cold, stormy weather, especially during their first few days of life (Brudney
et al., 2013; Harris et al., 2005). Focusing on what affects chick survival from hatch to fledging
will help fill in more parts of the larger puzzle of challenges plovers face at Rockaway Beach
and how NYC Parks can help them.
Study Importance and Conclusion
Literature on piping plovers at urban beaches is not abundant. These results will add to
the limited information available on piping plovers at urban beaches: conservation
recommendations from one urban beach may work well at another due to similarities in high
human activity. Findings from Rockaway Beach also contribute to the much larger body of work
on piping plovers breeding in New York State: Rockaway Beach follows similar abundance and
productivity trends to New York State, possibly due to shared natural events such as Hurricane
Sandy (USFWS, 2020; Wildlife Unit, 2021). Most importantly, the piping plovers at Rockaway
Beach Endangered Species Nesting Area have not consistently reached the 1.5 fledglings per pair
goal that USFWS would hope for if the species was recovering adequately (Wildlife Unit, 2021).
The recent years have been particular unproductive for plover pairs at Rockaway Beach. NYC
Parks can hopefully use this research, and future research like it, to make informed conservation
policy changes that will improve plover reproductive outcomes at Rockaway Beach and aid in
species recovery.
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